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Liquid Crystal Display Device and Method of 
Manufacturing the Same 

Cross Reference 

[0001] This application claims the benefit of Korean Patent Application No. 1999-50512, 
filed on November 15, 1999, under 35 U.S.C. § 119, and U.S. Application No. 09/712,190, the 
parent Application to this Divisional Application, and the entirety of these Applications are 
hereby incorporated by reference. 

Background of the Invention 

Field of the Invention 

[0002] The present invention relates to a liquid crystal display device, and more 
particularly, to a liquid crystal display (LCD) device and a method of manufacturing the same. 

Description of Related Art 

[0003] Of the liquid crystal display devices, an active matrix liquid crystal display (AM- 

LCD) device, in which the thin film transistors and the pixel electrodes are arranged in the form 

of a matrix, has lately received special attention due to its high resolution and high performance 

in displaying moving images. 

[0004] Fig. 1 is a cross sectional view illustrating a typical LCD device. As shown in Fig. 1, 

the LCD device includes lower and upper substrates 2 and 4 with a liquid crystal layer 10 

interposed therebetween. The lower substrate 2 has a thin film transistor "S" (TFT) as a 

switching element and a pixel electrode 14, while the upper substrate 4 has a color filter 8 and a 

common electrode 12. The pixel electrode 14 is formed over a pixel region "P" and serves to 

apply a voltage to the liquid crystal layer 10 along with the common electrode 12, and the color 

filter 8 serves to implement natural colors. A sealant 6 seals an edge of the lower and upper 

substrate 2 and 4 to prevent leakage of the liquid crystal layer 10. 
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[0005] In order to manufacture the LCD device described above, the upper and lower 
substrates 4 and 2 are manufactured by a different process, respectively, and are aligned and 
assembled to each other. However, such a manufacturing process is very complex. 

[0006] In order to simplify such a manufacturing process, a structure having a color filter 
formed on the TFT array substrate, hereinafter referred to as simply "a color filter on TFT 
(COT) structure" has been introduced. 

[0007] Figs. 2A to 2D are cross sectional views illustrating a process of manufacturing a 
conventional LCD device having the COT structure. First, as shown in Fig. 2A, a gate electrode 
50 is formed on the substrate 1. A gate insulating layer 52 is formed over the whole substrate 1 
while covering the gate electrode 50. A semiconductor layer 54 is formed on the gate insulating 
layer 52. The source and drain electrodes 56 and 58 are spaced apart from each other and 
overlap both end portions of the semiconductor layer 54, respectively. A passivation film 60 is 
formed over the whole substrate 1 while covering the source and drain electrodes 56 and 58 and 
the semiconductor layer 54. The semiconductor layer 54 includes an amorphous silicon layer 
and a doped semiconductor layer. A portion of the doped semiconductor layer between the 
source and drain electrodes is etched to form a channel region. 

[0008] Then, the color filter including the color filter layers 62a and 62b of red (R), green 
(G) and blue (B) are formed over the whole substrate 1. In order to form the three color filter 
layers of R, G and B, the steps of depositing and patterning a color resin are repeated three times. 
At this point, a portion of the color filter layer 62a on the channel region "ch" and a portion of 
the color filter layer 62b over the drain electrode 58 are etched to be exposed. The reason is to 
form a light shielding layer and a drain contact hole in a subsequent process. 

[0009] Subsequently, as shown in Fig. 2C, a light shielding layer 70 is formed to cover the 
channel region "ch", and a planarization layer 64 is formed over the whole substrate 1 while 
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covering the light shielding layer 70. The light shielding layer 70 serves to shield the channel 
region "ch" from light and thus is made of an opaque material. Then, portions of the passivation 
film 60 and the planarization layer 64 are etched to form the drain electrode contact hole 66 on a 
portion of the drain electrode 58. 

[0010] Finally, as shown in Fig. 2D, a pixel electrode 68 is formed on the planarization 
layer 64. The pixel electrode 68 is electrically connected with the drain electrode 58 through the 
drain electrode contact hole 66. 

[0011] The method of manufacturing the lower array substrate using the COT technique 
described above has a high manufacturing yield compared to the method wherein the TFT and 
the color filter are respectively formed on the different substrates because the pixel electrode and 
the color filter are easily aligned. 

[0012] A large-sized LCD device having a high resolution has been recently in great 
demand. The manufacturing process of a large-sized LCD device has become very complicated, 
leading to many problems. For example, referring to Fig. 1, in a large-sized LCD device, the 
upper substrate 4 including the color filter 8 and the lower substrate 2 including the TFTs are 
manufactured by a different manufacturing process, so that a coefficient of thermal expansion of 
the two substrates 2 and 4 become different. Thus, an alignment margin between the two 
substrates 4 and 2 should be considered. In other words, an alignment margin between the lower 
and upper substrates 2 and 4 is formed due to a difference of the processing temperatures 
between the two substrates 2 and 4. The processing temperature of the upper substrate 4 is about 
220 °C, while that of the lower substrate 2 is about 300 °C. The alignment margin is one cause 
that adversely affects an aperture ratio, as the alignment margins need to be covered by a black 
matrix for shielding light provided by a light source. As the size of the substrate increases, the 
aperture ratio also increases. As a result, the required increase in the alignment margins affects 
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the aperture ratio. 

[0013] When an LCD device is manufactured using the COT technique, there is a 
disadvantage that the process of forming the passivation film 60 is additionally required. For the 
foregoing reasons, there is a need for an LCD device having a simplified manufacturing process, 
a high manufacturing yield, and a high aperture ratio. 

SUMMARY OF THE INVENTION 

[0014] To overcome the problems described above, preferred embodiments of the present 
invention provide a liquid crystal display device having a simplified manufacturing process, a 
high manufacturing yield, and a high aperture ratio. 

[0015] A first preferred embodiment of the present invention provides a liquid crystal 
display device, including: a thin film transistor formed on a substrate, including a gate electrode, 
a source electrode, and a drain electrode; a color filter overlapping at least one of the source and 
drain electrodes; a planarization layer formed on the thin film transistor and the color filter; and 
a pixel electrode formed on the planarization layer and contacting the drain electrode. 

[0016] The thin film transistor further includes: a gate insulating layer on the substrate and 
covering the gate electrode; and a semiconductor layer formed on the gate insulating layer, 
having an amorphous silicon layer and a doped amorphous silicon layer, wherein the gate 
electrode is formed on the substrate and the source and drian electrode are spaced apart form 
each other and overlap both end portions of the doped amorphous silicon layer, respectively. 

[0017] In a second preferred embodiment, the thin film transistor may include an etch 
stopper on the doped amorphous silicon layer and between the source and drain electrodes. 

[0018] In a third preferred embodiment, the thin film transistor further includes: an active 
layer having source and drain regions at both end portions thereof; a gate insulating layer on a 
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central portion of the active layer other than the source and drain regions; a gate electrode 
formed on the gate insulating layer; and an inter layer insulator formed over the substrate, 
having first and second contact holes for respectively exposing a portion of the source and drain 
regions, wherein the source and drain electrodes are formed on the inter layer insulator to 
respectively contact with the source and drain regions. The active layer can be made of 
polysilicon. The liquid crystal display device may include a light shielding layer formed 
between the substrate and the thin film transistor and an insulating layer covering the light 
shielding layer. 

[0019] The first preferred embodiment of the present invention provides a method of 
manufacturing a liquid crystal display device, including: providing a substrate; forming a gate 
electrode on the substrate; depositing sequentially a gate insulating layer, a pure semiconductor 
layer and a doped ^semiconductor layer over the whole substrate; etching the pure semiconductor 
layer and the doped semiconductor layer to form an active layer; forming source and drain 
electrodes on the active layer; forming a color filter, the color filter overlapping a portion of the 
source and drain electrodes; etching a portion of the doped semiconductor layer between the 
source and drain electrodes to form a channel region; forming a planarization layer over the 
substrate, the planarization layer including a drain contact hole on a portion of the drain 
electrode; and forming a pixel electrode on the planarization layer, the pixel electrode 
electrically contact the drain electrode through the drain contact hole. 

[0020] The second preferred embodiment of the present invention provides a method of 
manufacturing a liquid crystal display device, including: providing a substrate, the substrate 
including first and second regions; forming a thin film transistor on the first region of the 
substrate, the thin film transistor including a gate electrode, an active layer, and source and drain 
electrodes; forming a color filter on a second region of the substrate, the color filter overlapping 
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the source and drain electrodes; forming a planarization layer on the thin film transistor and the 
color filter, the planarization layer including a drain contact hole on a portion of the drain 
electrode; and forming a pixel electrode on the planarization layer, the pixel electrode 
electrically contacting with the drain electrode through the drain contact hole. Forming the thin 
film transistor includes: forming a gate electrode; forming a gate insulating layer, the gate 
insulating layer covering the gate electrode; depositing a pure semiconductor layer on the gate 
insulating layer and patterning it to form an active layer; forming an etch stopper on the active 
layer; depositing a doped semiconductor layer, the doped semiconductor layer covering the pure 
semiconductor layer and the etch stopper layer; forming source and drain electrodes on the 
doped semiconductor layer; and etching a portion of the doped semiconductor layer between the 
source and drain electrodes. 

(0021] In a third preferred embodiment, the method further includes forming a light 
shielding layer before forming the thin film transistor; and forming an insulating layer for 
covering the light shielding layer. The active layer can be made of amorphous silicon. Forming 
the thin film transistor includes: forming a pure semiconductor layer; forming a gate insulating 
layer, a width of the gate insulating layer being smaller than the pure semiconductor layer; 
forming a gate electrode on the gate insulating layer; ion-doping an exposed portion of the pure 
semiconductor layer to define source and drain regions; forming an interlayer insulator over the 
substrate, the interlayer including a source region contact hole on a portion of the source 
electrode and a drain region contact hole on a portion of the drain electrode; and forming source 
and drain electrodes, the source and drain electrodes electrically contacting with the source and 
drain regions, respectively. The pure semiconductor layer can be made of polysilicon. 

[0022] The LCD device having the COT structure according the preferred embodiments of 
the present invention has the following advantages. Firstly, since the color filter and the TFT are 
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formed on the same substrate, a high aperture ratio can be obtained. Secondly, since an 
alignment margin between the lower and upper substrates is not required as in the conventional 
art due to the difference of the processing temperatures between the two substrates, the 
manufacturing yield is improved. Thirdly, since an additional passivation film is not required, 
the manufacturing process is simplified. 

[0023] Advantages of the present invention will become more apparent from the detailed 
description given hereinafter. However, it should be understood that the detailed description and 
specific examples, while indicating preferred embodiments of the invention, are given by way of 
illustration only, since various changes and modifications within the spirit and scope of the 
invention will become apparent to those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] For a more complete understanding of the present invention and the advantages 
thereof, reference is now made to the following descriptions taken in conjunction with the 
accompanying drawings, in which like reference numerals denote like parts, and in which: 

[0025] Fig. 1 is a cross sectional view illustrating a typical LCD device; 

[0026] Figs. 2A to 2D are cross sectional views illustrating a process of manufacturing a 
conventional LCD device having a COT structure; 

[0027] Figs. 3A to 3E are cross sectional views illustrating a process of manufacturing a 
liquid crystal display device having a COT structure according to a first preferred embodiment 
of the present invention; 

[0028] Fig. 4 is a cross sectional view illustrating a structure during the manufacturing of 
the LCD device according to a second preferred embodiment of the present invention; and 

[0029] Figs. 5A to 5E are cross sectional views illustrating a process of manufacturing the 
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LCD device according to a third preferred embodiment of the present invention. 

[0030] Fig. 6 is a plan view illustrating an array substrate for use in a liquid crystal display 
according to the present invention. 

DETAILED DESCRIPTION OF PREFFERED EMBODIMENTS 

[0031] Reference will now be made in detail to preferred embodiments of the present 
invention, example of which is illustrated in the accompanying drawings. A detailed description 
of various features in a LCD device with TFTs is being omitted for the sake of simplicity so that 
the features of the present invention are not obscured. One skilled in the art would understand 
that elements such as polarization plates, a liquid crystal layer, etc. are also part of the invention. 

[0032] Fig. 6 is a plan view illustrating an array substrate for use in a liquid crystal display 
according to the present invention. The array substrate has gate lines 101a in a transverse 
direction, data lines 101b arranged in a longitudinal direction perpendicular to the gate lines 
101a. Patterns of the semiconductor layer and pixel electrode are not shown for simplicity. Figs. 
3 A to 5E are cross sectional views taken along line I-II of Fig. 6, illustrating fabrication process 
steps of an array substrate having color filters according to the present invention. 

[0033] In general, a thin film transistor (TFT) is divided into a staggered type and a 
coplanar type. The staggered type TFT includes an inverted staggered type. The inverted 
staggered type TFT includes a back channel etched type and an etch stopper type. 

[0034] A first preferred embodiment of the present invention relates to an LCD having a 
COT structure and using a back channel etched type TFT as a switching element. Figs. 3 A to 3E 
are cross sectional views illustrating a process of manufacturing the LCD according to the first 
preferred embodiment of the present invention. First, as shown in Fig. 3 A, a gate electrode 100 
is formed on a substrate 1. Thereafter, a gate insulating layer 102 and a semiconductor layer 104 
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are sequentially formed. The semiconductor layer 104 has a dual-layered structure of an 
amorphous silicon layer 104a and a doped amorphous silicon layer 104b. The doped amorphous 
silicon layer 104b can be formed by implanting a gas containing phosphorous (P), e.g., as part of 
a nitrogen group. 

[0035] Subsequently, as shown in Fig. 3B and Fig. 6, source and drain electrodes 106 and 
108 and data line 101b are formed over the semiconductor layer 104. The source and drain 
electrodes 106 and 108 are spaced apart from each other and overlap both end portions of the 
doped amorphous silicon layer 104b, respectively. In the conventional art, a portion of the doped 
amorphous silicon layer 104b between the source and drain electrodes 106 and 108 is etched 
directly after forming the source and drain electrodes 106 and 108. But, according to the present 
invention, a step of forming a channel region is not performed in this step in order to protect the 
channel portion 110 during forming of the color filter. In other words, the doped amorphous 
silicon layer 104b serves as a passivation film. 

[0036] Then, as shown in Fig. 3C and Fig. 6, a color filter 112 including color filter layers 
R(red), G(green) and B(blue) is formed in a stripe shape. In order to form the color filter 112 
including the color filter layers of R, G and B, a process of depositing a color resin and pattering 
it is repeated three times. At this point, the color filter 112 for each TFT overlaps an side portion 
of the data line 101b and an end portion of the drain electrode 108, denoted as the regions "T" in 
Fig. 3C, so as to prevent light leakage and to improve an aperture ratio. Because boundary of 
adjacent color filter stripes is located on the center portion of the data line, it can provide a sharp, 
immutable boundary between color filter stripe. Bleeding of adjoining color filters to each other 
and blurring of boundaries can be also avoided. The color filter can overlap a portion of source 
electrode 106. Thereafter, using the source and drain electrodes 106 and 108 as a mask, a portion 
of the doped amorphous silicon layer 104b between the source and drain electrodes 106 and 108 
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is etched by a dry or a wet-etching technique to form a channel region. 

[0037] As shown in Fig. 3D, a planarization layer 144 is formed over the whole substrate 1. 
The planarization layer 144 includes a drain contact hole 116 above a portion of the drain 
electrode 108. The planarization layer 144 is made of an inorganic material such as SiOx and 
SiNx or an organic material such as benzocyclobutene (BCB). 

[00381 Finally, as shown in Fig. 3E, a pixel electrode 118 is formed on the planarization 
layer 144. The pixel electrode 118 electrically contacts the drain electrode 118 through the drain 
contact hole 116. 

[0039] A second preferred embodiment of the present invention relates to an LCD device 
having the COT structure and using an etch-stopper type TFT as a switching element. The etch 
stopper type TFT has a more complex manufacturing process than the back channel etched type 
TFT but has an advantage in that the amorphous silicon layer is thinly formed. 

[0040] Fig. 4 is a cross sectional view illustrating a structure during the manufacturing of 
an etch stopper type TFT according to the second preferred embodiment of the present invention. 
As shown in Fig. 4, a gate electrode 100 is formed on a substrate 1. A gate insulating layer 102 is 
formed over the whole substrate 1 while covering the gate electrode 100. An amorphous silicon 
layer 104a is formed on the gate insulating layer 102. An etch stopper ES is formed on the 
amorphous silicon layer 104a. A doped amorphous silicon layer 104b covers the amorphous 
silicon layer 104a and the etch stopper ES. Source and drain electrodes 106 and 108 are spaced 
apart from each other and overlaps both end portions of the doped amorphous silicon layer 104b. 
A portion of the doped amorphous silicon layer 104b between the source and drain electrodes 
106 and 108 is etched. At this point, the etch stopper ES serves to prevent the amorphous silicon 
layer 104a from being etched. 

[0041] Using the etch stopper ES is advantageous over the first embodiment. Referring to 
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Fig. 3C showing the first embodiment, the portion of the doped amorphous silicon layer 104b 
between the source and drain electrodes 106 and 108 is etched to form the channel region. 
However, in doing so, the amorphous silicon layer 104a may be etched as well. Therefore, it is 
preferable that the amorphous silicon layer 104a has a sufficient thickness to compensate for any, 
i.e., etching of it, that might occur when forming the channel region according to the first 
embodiment. 

[0042] However, in the second preferred embodiment of the present invention, the 
amorphous silicon layer 104a can be made thin because the etch stopper ES prevents any over- 
etching of the amorphous silicon layer 104a during the formation of the channel region. 

[0043] The subsequent processes used to achieve the structure shown in Fig. 4 are the same 
as those in Figs 3D and 3E, and thus a detailed description thereof has been omitted. 

[0044] A third preferred embodiment of the present invention relates to an LCD device 
having the COT structure and using a coplanar type TFT as a switching element. Figs. 5 A to 5E 
are cross sectional views illustrating a process of manufacturing the LCD device according to 
the third preferred embodiment of the present invention. First, as shown in Fig. 5A, a light 
shielding layer 200 is formed on a substrate 1 . The light shielding layer 200 serves to protect an 
active layer 204 from light. A first insulating layer 202 is formed on the substrate 1 while 
covering the light shielding layer 200. 

[0045] Then, as shown in Fig. 5B, an active layer 204 is formed on the first insulating layer 
202. A second insulating layer 206 and a gate electrode 208 are sequentially formed on the 
active layer 204. The second insulating layer 206 and the gate electrode 208 are smaller in width 
than the active layer 204. The active layer 204 includes first and second active layer portions 
204a and 204b. The first active layer portion 204a is a portion under the gate electrode 208, and 
the second active layer portion 204b is an exposed portion that is not covered by the gate 
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electrode 208. After forming the gate electrode 208, the second active layer portion 204b is ion- 
doped by a gas containing either boron or other element from a boron group of the periodic table 
or a phosphorous or other element from a nitrogen group of the periodic table in, for example 
B2H6 or PH 3 . When a gas containing a boron ion is implanted, the second active layer portion 
204b becomes a p-type semiconductor. When a gas containing a phosphorous ion is implanted, 
the second active layer portion 204b becomes an n-type semiconductor. As a result, source and 
drain regions 204c and 204d are formed. 

[0046] Subsequently, as shown in Fig. 5C, a third insulating layer 210 is formed over the 
whole substrate 1. The third insulating layer 210 serves as an interlayer insulator. The third 
insulating layer 210 includes source and drain contact holes 212 and 214 to respectively expose 
the source and drain regions 204c and 204d. 

[0047] Next, as shown in Fig. 5D, source and drain electrodes 216 and 218 are formed on 
the third insulating layer 210 and are electrically connected with the source and drain regions 
204c and 204d through the source and drain contact holes 212 and 214, respectively. Thereafter, 
a color filter 220 (including the color filter layers R, G and B) is formed to respectively overlap 
side portions of the data line 101b and drain electrode 218. In other words, the color filter layers 
R overlap side portions of the data line 101b, and the color filter layers G overlap end portions 
of the drain electrode 218 as shown in Fig. 6. The color filter can be overlap a portion of source 
electrode 216. The reason for this overlap is to prevent light leakage, to improve an aperture 
ratio and to have sharp a boundary between adjoining two color filter stripes. 

[0048] Finally, as shown in Fig. 5E, a planarization layer 222 is formed over the whole 
substrate 1. The planarization layer 222 includes a contact hole 224 for exposing a portion of the 
drain electrode 218. Thereafter, a pixel electrode 226 is formed on the planarization layer 222 to 
electrically contact the drain electrode 218 through the contact hole 224. The pixel electrode 226 
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is made of indium tin oxide (ITO). 

[0049] The coplanar type TFT according to the third preferred embodiment of the present 
invention uses the amorphous silicon layer as an active layer. However, a polysilicon layer can 
be used as an active layer. At this point, in the event that an active layer is made of polysilicon, 
the step of forming the light shielding layer 200, which is shown in Fig. 5A, is not required. 

[0050] As described herein before, the LCD device having the COT structure according the 
preferred embodiments of the present invention has the following advantages. Firstly, since the 
color filter and the TFT are formed on the same substrate, a high aperture ratio can be obtained. 
Secondly, since an alignment margin between the lower and upper substrates is not required as 
in the conventional art (due to the difference of the processing temperatures between the two 
substrates), the manufacturing yield is improved. Thirdly, since an additional passivation film is 
not required, the manufacturing process is simplified. 

[0051] While the invention has been particularly shown and described with reference to 
preferred embodiments thereof, it will be understood by those skilled in the art that the 
foregoing and other changes in form and details may be made therein without departing from the 
spirit and scope of the invention. 



